Hydrophobins are a group of very surface active, fungal proteins known to self-assemble on various hydrophobic/hydrophilic interfaces. The self-assembled films coat fungal structures and mediate their attachment to surfaces. Hydrophobins are also soluble in water. Here, the association of hydrophobins HFBI and HFBII from Trichoderma reesei in aqueous solution was studied using small-angle x-ray scattering. Both HFBI and HFBII exist mainly as tetramers in solution in the concentration range of 0.5 -10 mg/ml. The assemblies of HFBII dissociate more easily than those of HFBI, which can tolerate changes of pH from 3 to 9 and temperatures in the range 5 -60 C. The self-association of HFBI and HFBII is mainly driven by the hydrophobic effect and addition of salts along the Hofmeister series promotes the formation of larger assemblies, while ethanol breaks the tetramers into monomers. The possibility that the oligomers in solution form the building blocks of the self-assembled film at the air/water interface is discussed.
Introduction
Hydrophobins are a group of very surface active proteins [1] . They are small (around 10 kDa) proteins that originate from filamentous fungi, where they coat the spores and aerial structures [2] , mediate the attachment of fungal structures to hydrophobic surfaces [3] and affect the cell wall composition [4] . Hydrophobins self-assemble at the air/water interface and lower the surface tension of water [5] . Furthermore, they have been shown to self-assemble also at interfaces between oil and water [3, 6] and water and a hydrophobic solid [3] .
The primary structure of hydrophobins is characterized by a conserved pattern of eight cysteine residues. These form four intramolecular disulfide bridges. Hydrophobins are further divided into classes I and II based on their hydropathy patterns [7] , although the amino acid sequence similarity both within and between the classes is small. However, in all the published atomic resolution structures [8] [9] [10] the folds of the monomers are similar. One side of the monomer surface contains only aliphatic side chains, creating a hydrophobic patch to the otherwise fairly hydrophilic surface.
Hydrophobins are very soluble in water, up to concentrations of at least 100 mg/ml [1] . In solution hydrophobins associate into oligomers in a concentration dependent manner: At low concentrations in the order of a few g/ml, hydrophobins exist primarily as monomers [11, 12] . As the concentration is increased, hydrophobins form oligomers. According to various light scattering techniques, the class I hydrophobin SC3 from Schizophyllum commune mainly forms dimers around 1 mg/ml [11] , while small-angle xray scattering has shown that the class II Trichoderma reesei hydrophobins HFBI and HFBII exist as tetramers at 10 mg/ml [13] . The association in solution and the selfassembly at the air/water interface have both been attributed to the amphiphilic structure of the hydrophobin monomer [8] , but their exact relationship is still unclear. On one hand, for class II hydrophobins a surfactant-like behavior due to the amphiphilic monomer has been suggested [12] . On the other hand, for class I hydrophobins the association in solution has been seen as a first step toward self-assembly on the air/water interface [11] .
In this work we investigated the self-association of hydrophobins in solution in more detail. The hydrophobins chosen for this study are the well-characterized class II T. reesei hydrophobins HFBI [14] and HFBII [15] with 75 and 71 amino acids, respectively. They have been studied as thick coatings [16] and Langmuir-Blodgett mono- [17, 18] and m ul ti layers [19] on soli d s ubstra tes. In m ost cases HFBI an d HF BII f orm simil ar, hexagonally ordered films. HFBI and HFBII have also been grown as single crystals, where the asymmetric, repeating units of HFBI (pdb-entry 2FZ6) [9] and HFBII (pdbentry 1R2M) [8] are a tetramer and a dimer, with radii of gyrations Rg = 21.1 Å and Rg = 18.0 Å, respectively (Table 1) .
Here we present a systematic small-angle x-ray scattering (SAXS) study of the association of HFBI and HFBII in solution. SAXS is a versatile tool for studies of the size and shape of macromolecules in solution, and their interactions. At low protein concentrations, the macromolecules can be considered independent of each other and their size and shape can be probed [20] . At higher concentrations the interactions between the macromolecules or their aggregates can be studied [21, 22] . The hydrophobin solution experiments are conducted in the concentration range where hydrophobins form oligomers, but interactions between the oligomers can be regarded as negligible. The experiments at different analyte concentrations, temperatures and pH provide information on the structure of the protein assemblies in response to changes in the conditions. Fungi secrete hydrophobins into the aqueous culture medium [5] , where the hydrophobins are e x p o s e d t o v a r i a t i o n s f o r e x a m p l e i n t e m p e r a t u r e a n d p H . M o r e o v e r , t h e S A X S measurements can be used to probe the nature of the intermolecular interactions. Understanding these interactions provides a key to understanding the function of the proteins, and their roles in the fungal life.
Materials and Methods

Protein purification and sample preparation
The proteins HFBI and HFBII were produced and purified as described previously [17] . In the SAXS measurements all the solutions contained 50 mM sodium acetate buffer at pH 5, unless otherwise stated. The protein solutions were briefly treated in an ultrasonicator waterbath and placed into a 100 l sample cell with flat polystyrene windows for the measurements. Before and after each sample, scattering from the corresponding buffer solution was measured and the sample cell was thoroughly washed with ethanol and 3% HCl, and then dried. To prevent radiation damage 2 mM dithiothreitol (DTT) was added to all the solutions just before the measurement. At pH 5, this does not cause unfolding of the proteins, because higher DTT concentrations and high temperatures are required for the reduction of the internal disulfide bonds of HFBI and HFBII [12] . The reactivity of DTT is highest above pH 7.
HFBI and HFBII were studied as a function of concentration at 0.5, 1, 2.5, 5, and 10 mg/ml. The concentration 2.5 mg/ml was used in the rest of the measurements. HFBI and HFBII were measured in 50 mM glycine at pH 3, 50 mM sodium acetate at pH 4 and at pH 5, 50 mM sodium phosphate at pH 6, 50 mM sodium phosphate at pH 7, 50 mM Hepes at pH 7 and 50 mM Tris-HCl at pH 9, and at temperatures 6, 11, 16, 20, 40 , and 60 C in 50 mM sodium acetate at pH 5, using a fresh sample at each temperature. The effects of solvent were studied in 25%, 50%, and 65% ethanol solutions. The impact of salts was exemplified with 0.5 M NaCl, (NH 4 ) 2 SO 4 and MnSO 4 in 50 mM sodium acetate at pH 5.
SAXS measurements and data analysis
The experiments were conducted at the beamline X33 at EMBL/DESY, Hamburg. The wavelength was = 1.5 Å. The angular scale was calibrated using a Silver Behenate standard sample and was 0.01 1/Å < q < 0.5 1/Å. Here the length of the scattering vector is defined as q = 4 sin / , where 2 is the scattering angle. The intensity was recorded with a Mar345 image plate detector. The measurement times varied from 60 s for the higher concentrations to 2 x 120 s for the lower ones. A solution of bovine serum albumin (BSA) (c = 4.01 mg/ml, molecular mass 66 kDa) was measured for calibration of intensity at zero angle I(q=0).
The preliminary data treatment (masking, integration, correction for detector response) was done using the software at the beamline. The data analysis was made with the program package ATSAS [23] . The backgrounds from the buffers were subtracted with PRIMUS. The distance distribution functions of the proteins were calculated using GNOM. The GNOM runs were given as an input for the ab-initio bead modeling program DAMMIN or the ab-initio protein-chain compatible modeling program GASBOR. The results were compared to the scattering curves of the oligomers in the single crystals [8, 9] calculated using CRYSOL. The experimental scattering curves were also fitted using SASREF, with the structure of the oligomer in the single crystal as a starting point. In this approach the monomers are moved with respect to each other to find the best fit to the experimental intensity. Finally, the possible presence of multiple aggregation states in solution was studied using the program OLIGOMER, which fits the volume fractions of oligomers with known scattering patterns.
Results
HFBI and HFBII in aqueous solution as a function of concentration
The scattering curves of HFBI as a function of concentration are shown in Fig. 1 A. The overall shape of the curves is similar, and the main features can be seen even in the lowest concentration, c = 0.5 mg/ml. This suggests that the size and shape of the protein assemblies are the same at all concentrations. The slight upturn in the intensity for the 0.5 mg/ml solution at low q can indicate the presence of a small number of larger oligomers. However, we cannot exclude the possibility that the upturn arises from incomplete background subtraction. The data from samples such as this was analyzed using only a restricted q-range, starting from 0.025 or 0.035 1/Å, as in [24] . Table 2 shows, as a function of protein concentration, the radius of gyration (Rg) and the molecular mass (MM) of HFBI. The radius of gyration has been calculated using the Guinier approximation. The molecular masses have been calculated from the extrapolated I(q=0) values [25] using the BSA standard. At the lowest concentration the molecular masses correspond to a tetramer (Table 1) , but the radius of gyration is larger than that of the single crystal tetramer. The radius of gyration of HFBI increases with concentration from 0.5 to 5 mg/ml, but decreases slightly from 5 to 10 mg/ml. A similar behavior is noted in the I(0). Two different reasons can contribute to these changes: Firstly, assuming there is a mixture of different oligomers in the solution, the increase in Rg from 0.5 mg/ml to 5 mg/ml can result from a shift toward larger oligomers. Secondly, the decrease of Rg and I(0) above 5 mg/ml can be attributed to the rise of repulsive interactions between the oligomers [21] .
The distance distribution functions [p(r)-functions] of HFBI at different concentrations ( Fig. 2) indicate that there is no major change in the aggregation state of the proteins: The p(r)-functions have the same shape and resemble each other very closely. The only differences are in largest diameters of the particles: they behave in a way similar to the radius of gyration, grow until 5 mg/ml and then decrease. It indicates that the shape of the dominant protein assembly remains the same, but the proportion of larger oligomers in solution increases.
The shape of the HFBI assemblies in solution was modeled using the data at 1 mg/ml to minimize the proportion of the larger assemblies. Fig. 3 A shows the experimental intensity of HFBI at 1 mg/ml, the scattering intensity of the tetramer in the single crystal calculated by CRYSOL, and the intensities fitted with SASREF and DAMMIN. Fig. 3 B shows the corresponding models. Comparison of the single crystal structure and DAMMIN model confirms that HFBI forms tetramers at 1 mg/ml. The shape of the tetrameric assembly is more elongated in the aqueous solution than in the single crystal. The calculated radius of gyration of the model tetramer based on the crystal structure ( Fig. 3 B) is 21.1 Å, while the experimental radius of gyration is considerably larger, 25.1 Å.
The behavior of HFBII as a function of concentration is very similar to that of HFBI, except that the radii of gyrations are smaller ( Table 2 ). The shapes of the scattering curves ( Fig. 1 B) do not change as a function of concentration, except for the data at 0.5 mg/ml, which has lost most of the features at larger angles. As in the case of HFBI, the upturn in intensity at 0.5 mg/ml at the smallest angles arises either from larger aggregates or incomplete background subtraction. This part of the intensity curve was again excluded from the data analysis. The radius of gyration and I(0) of HFBII grow as a function of concentration ( Table 2 ). The molecular mass at the lowest concentration, 0.5 mg/ml, is close to that of a dimer, but shifts toward the tetramer mass above 1 mg/ml. The experimental radius of gyration at 0.5 mg/ml is 20.1 Å. The calculated radius of gyration of the dimer in the HFBII cry stal [8] is 18.0 Å, and that of the sm allest "tetramer" consisting of two dimers from neighboring unit cells, is 20.7 Å. Thus the molecular mass indicates that HFBII is dimeric at 0.5 mg/ml, while the radius of gyration is closer to a crystal tetramer than to a dimer. However, the differences in the radius of gyration are quite small, so the experimental radius of gyration of 20.1 Å could also arise from an elongated dimer.
The distance distribution functions (see Fig. 4 for c = 2.5 mg/ml) were calculated from the scattering patterns of HFBII in all the concentrations. Because the intensity curves at the lowest concentrations have large statistical errors and there is possibly an equilibrium of different oligomers, the data at 2.5 mg/ml was used for modeling. Fig. 3 A shows the experimental intensity at 2.5 mg/ml, the scattering intensity of the tetramer in the crystal computed with CRYSOL, and intensities fitted with SASREF and DAMMIN. Fig. 3 B shows the corresponding models, which confirm that HFBII forms mainly tetramers in the present concentrations. The shape of the tetramer in solution and in the crystal is fairly similar. The only difference is that in the SASREF and DAMMIN models the tetramer is flat, while in the crystal the two dimers forming the tetramer are perpendicular to each other.
HFBI and HFBII in aqueous solution as a function of temperature
A change of temperature from 6.2 C to 60 C does not affect the association of HFBI at 2.5 mg/ml. The SAXS intensities below room temperature are all identical (data not shown). The intensity at the smallest angles decreases slightly as the temperature rises above 20 C, which is also seen as a small decrease in Rg (Table 2 ). Either the structure becomes more compact or the interference effects between the oligomers become more important. In contrast to HFBI, the HFBII assemblies undergo gradual structural changes as a function of temperature. The positions of the individual monomers with respect to each other change, but the tetramer prevails. This is shown in the distance distribution functions of Fig. 4 .
HFBI and HFBII in aqueous solution as a function of pH
All the measurements as a function of concentration and temperature, reported above, were conducted at a constant pH of 5. For HFBI, a change of pH from 3 to 6 does not change the structure, which means that the shapes presented in Fig. 3 prevail. Upon increasing the pH above 6, the radius of gyration and I(0) start to decrease. Otherwise the scattering patterns remain unchanged, which suggests that the decrease is due to the interference effects between the assemblies (data not shown). The isoelectric point of HFBI, determined by the program ProtParam [26] , is pI=5.7. Thus the increasing interference effects between the protein assemblies above pH 6 can be related to the change in the sign of the net surface charge.
HFBII has an isoelectric point of 6.7 [26] and behaves like HFBI under high pH conditions. At pH 9 the radius of gyration, I(0), and the maximum distance in the particle are smaller than at pH 5, indicating interference effects. The scattering curves at pH 6, 5, and 4 are almost identical. However, at the lowest pH value, 3, the tetrameric structure has clearly dissociated (Fig. 5) . The scattering curve is fairly featureless, which could indicate (partial) unfolding of the protein. An unfolded protein can be described using a Debye coil model [27] , with the radius of gyration being a fitting parameter. In this case the best fit gives Rg = 18.5 Å. In Fig. 5 the intensity of this coil is compared to that of a model consisting of a mixture of coils, monomers, dimers and tetramers. The parameters of the coils were fixed to the values obtained above, and the scattering intensities of the monomers, dimers and tetramers are computed using CRYSOL. The volume fractions of these aggregates were fitted using the program OLIGOMER. This gives the volume fraction of unfolded coils as 0.829 0.003 and monomers 0.171 0.003. According to this model, there are no dimers or tetramers present in the solution. However, it should be noted that this approach cannot take into account the possible changes in the shapes of the protein assemblies from crystal to the solution, so the model should be treated with caution. Nevertheless, it is clear that the original assembly has broken down, and at least partially unfolded. HFBII solution assemblies do not tolerate low pHs to the same extent as HFBI.
HFBI and HFBII in ethanol solutions
The role of the hydrophobic effect in the association of hydrophobins was studied by measuring HFBI and HFBII in 25, 50, and 65% ethanol solutions. Ethanol breaks the oligomers into monomers in a concentration dependent manner. The dissociation is seen as a decrease in the radius of gyration (Table 3 ). For HFBII, the radius of gyration in 25 % ethanol solution is already fairly close to the Rg of a monomer in the single crystal (Table 1) , while for HFBI 50 % ethanol solution is needed to break the original oligomers. Indeed, in 50 % ethanol solution the scattering patterns of HFBI and HFBII resemble the scattering patterns of the corresponding single crystal monomers (Fig. 6) . To further confirm the monomeric structure, the scattering intensities of HFBI and HFBII in 50 % ethanol solution were fitted using the program GASBOR. The obtained models, also pictured in Fig. 6 , show very compact monomers. Based on the radius of gyration, in 65 % ethanol both HFBI and HFBII exist also as monomers.
To confirm that the changes in the radius of gyration are not caused by unfolding of the proteins, the stability of the native monomer structures of HFBI and HFBII in ethanol solutions were studied by observing secondary structures by circular dichroism (CD) (Supplementary material). The CD spectra of HFBI and HFBII were very similar in 0, 25, 50, and 65 % ethanol solutions ( Figure S1 ). Thus the native structures of HFBI and HFBII monomers are not changed in up to 65 % ethanol. Also the addition of 2 mM DTT, that was used in the SAXS measurements to minimize radiation damage, did not alter the secondary structures of HFBI and HFBII according to the CD measurements (Supplementary material). Therefore, the changes in Rg are not caused by protein denaturation but by changes in protein associations. The tetramers of HFBII break at lower ethanol concentrations than the more resistant tetramers of HFBI.
HFBI and HFBII in aqueous solution with different salts
HFBI and HFBII were measured in solutions with 0.5 M NaCl, (NH 4 ) 2 SO 4 or MnSO 4 , in the order of the Hofmeister series of salts [28, 29] . Indeed, the effects seen in the association of the proteins were in accordance with the Hofmeister series: The scattering curves of HFBI and HFBII in solution with sodium chloride were very close to the ones o b s e r v e d w i t h o u t a s a l t . W i t h ( N H 4 ) 2 SO 4 and especially MnSO 4 , a change from oligomers to larger assemblies is seen. Fig. 7 shows this gradual change for HFBI. The change looks very similar for HFBII (data not shown). On double logarithmic scale (inset in Fig. 7 ) the solutions of HFBI and HFBII with MnSO 4 show power-law behavior in low values of the scattering vector. Two regions with differing exponents can be distinguished. For HFBI, the first has an exponent -2.4 (fitting range 0.01-0.019 1/Å), and second -1.1 (fitting range 0.022 -0.057 1/Å). For HFBII, the corresponding values are -1.5 (fitting range 0.01 -0.022 1/Å) and -0.7 (fitting range 0.026 -0.057 1/Å). Upon addition of salts along the Hofmeister series, the well-defined tetramers of HFBI and HFBII aggregate into larger assemblies. However, no sings of crystallization are detected.
Discussion
HFBI and HFBII are two hydrophobin proteins from T. reesei. The amino acid sequence of HFBII is 69% similar to HFBI [15] . The folded structures of HFBI and HFBII are similar [9, 8] , as are their previously studied hexagonal structures in thin films [19] . However, in the association behavior in solution some differences between HFBI and H F B I I c ou l d b e s ee n . B o th e x i s te d m a i n l y a s te tr a m e r s i n s ol u ti o n , a s s e en al s o previously at 10 mg/ml [13] , but now the assemblies of HFBI were shown to be more stable than those of HFBII. HFBI could tolerate changes in temperature and pH and addition of ethanol better than HFBII. In T. reesei, HFBI is found in the fungal cell walls [14] , while HFBII is secreted into the medium and is also found on the surface of the spores [15] . The differences in the solution behavior of HFBI and HFBII could thus reflect their somewhat different functional roles in fungal life.
The quaternary structure of some proteins in their single crystal forms differ from that observed in the aqueous solution [e.g., 30]. In the single crystal the asymmetric unit of HFBI is a tetramer [9] . Its radius of gyration (21.1 Å) and maximum distance in the particle (64 Å) are smaller than those determined here in solution. In solution the tetramer is slightly larger (Rg 25.1 Å) and more elongated, and monomers are not as tightly packed as in the crystal. For HFBII, the tetramer in solution is fairly similar to the tetramer in the single crystal. The single crystals of HFBI and HFBII were both grown from solutions containing salts: HFBII was crystallized from a 2 mM lithium sulfate, 10 mM MnCl 2 solution [8] , while HFBI was crystallized from a 8 mg/ml solution with 0.1 M zinc sulphate in 0.1 M sodium cacodylate buffer at pH 6.5 [9] . For HFBI a detergent was added to slow the crystallization. This might attribute to the differences between the tetrameric assemblies in the single crystal and in the solution.
For both HFBI and HFBII the association in solution depends on the concentration. Here, using synchrotron radiation, we were able to conduct SAXS measurements in the concentration range 0.5 -10 mg/ml. Based on the changes in the radius of gyration and the molecular mass, we concluded that the equilibrium of HFBII shifts from dimers to tetramers at around 1 mg/ml. Unfortunately, the assemblies at concentrations below 1 mg/ml could not be modeled due to large statistical errors in the data. Like HFBII, HFBI probably also forms dimers at low concentrations, but in the studied concentration range the tetramers dominate. The proportion of oligomers larger than tetramers increases with concentration. One way to find the possible structures of the larger oligomers is to start from the single crystals. The program PISA [31] lists all the potential assemblies in the crystal and analyses their chemical stability in water. For HFBII the program gives the tetramer of Fig. 3 B as the most stable oligomer. For HFBI, it is an octamer. The detergents needed in the crystallization of HBFI were not found in the asymmetric unit [9] and thus were not included in the PISA calculation. The HFBI octamer is composed of four "dimers" from different asymmetric units, instead of two asymmetric unit tetramers. The radius of gyration of the octamer is 34 Å. If the octamer was more stable than a tetramer in solution, then it should be the dominant oligomer, provided a suitable concentration. However, according to the SAXS results the tetramer stays the dominant oligomer. Furthermore, the scattering pattern of the PISA-octamer does not resemble the experimental curves. Other octamers with scattering patterns closer to the experimental curves can be found in the crystal, for example an octamer consisting two (asymmetric unit) tetramers on top of each other. However, they are not classified as stable by PISA. This discrepancy could be due to the experimental conditions, such as the concentration or pH. However, it highlights the difficulty in predicting the solution assemblies based on the crystal structure.
The folded structures of both HFBI and HFBII contain a mainly hydrophilic surface with a hydrophobic patch. This amphiphilic structure explains the main features of the association behavior of HFBI and HFBII [12] : The formation of oligomers in aqueous solution which allows the proteins to bury the hydrophobic surface areas and the dissociation of the oligomers upon addition of ethanol. Indeed, in the 50 % ethanol solution HFBI and HFBII exist predominantly as monomers (Fig. 6, Table 3 ). Furthermore, addition of salts to the aqueous hydrophobin solution promotes the formation of larger assemblies. However, the details of the association behavior depend also on other interactions and factors, such as the shape of the monomers, which determine why the main oligomer in solution is a tetramer and not a dimer, for example.
The association behavior of HFBI and HFBII in solution is fairly similar to that of the class I hydrophobin SC3 [11] . All the protein solutions contain an equilibrium of different oligomers. In contrast to HFBI and HFBII, the dominant oligomer in SC3 solution (50 mM sodium phosphate buffer at pH 7.0) was shown to be a dimer [11] . Based on the hydrodynamic radius, the dimers were proposed to have an elongated shape. Low pH values did not affect the self-association of SC3, but at pH 9 the dominant oligomers were larger than tetramers. The self-association of SC3, like that of HFBI and HFBII, was proposed to be driven by hydrophobic interactions [11] .
The relationship between the hydrophobin assemblies in solution and the self-assembled films on the air/water interface is unclear. Both are proposed to be due to the amphiphilic structure of the hydrophobin monomer [8] , leading to surfactant-like behavior [12] . In such a case one could expect the self-assembled film on the air/water interface to be a monolayer composed of monomers. However, Langmuir-Blodgett and LangmuirSchaefer films of HFBI, imaged with AFM, were observed to be crystalline and suggested to consist of oligomeric assemblies [17, 18] . Langmuir films of T. reesei hydrophobin HFBIII, studied with grazing-incidence x-ray diffraction, were composed of hexagonally ordered assemblies, in which part of the monomers were lifted with respect to each other [32] . These examples indicate the presence of specific protein-protein interactions, which can exist also in solution. In such a case, one might also imagine that the self-assembled film consists of similar assemblies as there are in solution, with perhaps some changes in the quaternary structure.
The role of hydrophobins for fungal growth and physiology is still not well understood. They clearly have functions such as allowing the development of aerial structures and the formation of protective coatings on spores and fruiting bodies [33, 34] . Fungi have an important role in the ecosystem, for example in degradation of plant litter and hydrophobins may play a central role in fungal colonization of the environment. Hydrophobins are one way in which fungi adapt to their environment through adhesion and control of surface forces. Interactions of fungi with other organisms (either symbiotic or parasitic) are also very likely to be affected by hydrophobins. It has been suggested that hydrophobins cause hydrophobization of soil and may therefore have widespread environmental effects [35] . The role of hydrophobins for environmental adaptation is supported by the early finding that hydrophobin genes are often very highly expressed [7] . Here the hydrophobin tetramers were found to tolerate rather large changes in temperature and pH, which would facilitate their persistence in the soil. By studying the underlying structure-function relations in hydrophobins better understanding of the ecological role of fungi can be obtained.
Our studies of hydrophobins so far have led to the conclusion that they act as surfactants, but in a very different way than any other surfactants that have been described earlier [1] . These differences give unique properties to hydrophobins [2, 36] . Molecular interactions and self-assembly are key components in understanding the origin of these unique properties. In this work we focused on these interactions, the shape and size of monomers and oligomers and how they interact in solution under different conditions. The two T. reesei hydrophobins were found to form mainly tetramers in aqueous solutions, but the dynamic behavior of the tetramers revealed disparities possibly related to the different functional roles of the two proteins. Table 2 . The experimental radii of gyrations (Rg) and molecular masses (MM). The error estimates for the Rg values are obtained from the differences between the GNOM values and the direct fit to the Guinier law. A missing value indicates a non-linear Guinier regime. The error estimates for the molecular masses are 15-20 %, mainly due to the uncertainties in the concentrations and electron densities [24, 25, 30] . 
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